Structure-function defects of the TWINKLE linker region in progressive external ophthalmoplegia.
TWINKLE is the helicase at the mitochondrial DNA (mtDNA) replication fork in mammalian cells. Mutations in the PEO1 gene, which encodes TWINKLE, cause autosomal dominant progressive external ophthalmoplegia (AdPEO), a disorder associated with deletions in mtDNA. Here, we characterized seven different AdPEO-causing mutations in the linker region of TWINKLE and we identified distinct molecular phenotypes. For some mutations, protein hexamerization and DNA helicase activity are completely abolished whereas others display more subtle effects. To better understand these distinct phenotypes, we constructed a molecular model of TWINKLE based on the three-dimensional structure of the bacteriophage T7 gene 4 protein. The structural model explains the molecular phenotypes and also predicts the functional consequences of other AdPEO-causing mutations. Our findings provide a molecular platform for further studies in cell- and animal-based model systems and demonstrate that knowledge of the bacteriophage T7 DNA replication machinery may be key to understanding the molecular and phenotypic consequences of mutations in the mtDNA replication apparatus.